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Abstract 
The ECCO project has been a three-year collaboration project under the EU 7th framework program for research. The 
main objective of ECCO has been to facilitate strategic decision making regarding early and future implementation of 
CO2 Capture and Storage (CCS) value chains. The ECCO project has developed a methodology and a supporting 
software tool for pre-feasibility studies of CCS value chains with and without Enhanced Oil or Gas Recovery 
(EOGR). Conclusions and recommendations for the realization of CCS value chains are presented in this paper. The 
overall conclusion, based on the work conducted in ECCO, is that political willingness is crucial in order to make 
CCS happen on a scale that contributes to reaching the EU climate goals. If left to the market, investments in CCS 
technology development are likely to be insufficient, although using CO2 for EOGR could improve the economics of 
a CCS value chain. It is also clear that economic incentives are necessary for overcoming issues such as long-term 
liability of CO2 storage, third-party access to pipeline and storage and cross-border liability of storage integrity. 
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1. About the ECCO project 
The CO2-reduction targets, set by the EU  to contribute to limiting the global temperature increase to 
2°C compared to pre-industrial levels, can only be reached through the use of a portfolio of technologies, 
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one of which is Carbon Capture and Storage (CCS). Energy use accounts for roughly 80% of the 
greenhouse gas (GHG) emissions in the EU. The energy industry stands for 35% of the EU CO2 emissions 
and other industry for 18%. CCS is the only technology that can capture at least 90% of CO2 emissions 
from power plants and other carbon-intensive industries [1]. Although much of the required technology 
for capturing, transporting and storing CO2 emissions is in place, the technical and economical viability of 
the CCS chains in the EU remains to be shown, and it is a challenge to define how the most efficient CCS 
infrastructure should be implemented. As a response to this need, the ECCO (European value Chain for 
CO2) project was formulated and executed [2]. The main objective of ECCO has been to facilitate 
strategic decision making regarding early and future implementation of CO2 value chains. This has meant 
seeking to give politicians and industrial actors advice on how to establish and operate the most 
economically viable CCS infrastructure, hence contributing to an accelerated development of CCS, with 
the ultimate goal of combating global warming. The ECCO project structure can be seen in fig. 1 
 
 
Fig.1 The ECCO project structure 
 
2. The ECCO methodology 
The methodology applied in ECCO to reach the project objectives has been through scenario 
development, case definitions and case analysis with the help of a dedicated software tool, which 
altogether lead to the final conclusions. The means of drawing strategies in the ECCO project has been to 
design and evaluate case studies that would enlighten specific issues related to the CCS implementation in 
Europe. The case studies in ECCO considered CCS chains consisting of capture, transport and final use of 
                                                                                                                                                                          
 2020 objective: reduce GHG emissions by 20% compared to 1990 levels, rising to 30% providing that a satisfactory international 
agreement is reached. 2050 objective: reduce GHG emissions by 50%. 
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CO2 for EOGR, with a focus on economic aspects. The choice to focus on EOGR in the ECCO project is 
justified by the fact that this use will give CO2 an economic value, and hence may promote the early 
introduction of CCS.  
2.1. The ECCO Tool 
A simulation tool was developed in ECCO for evaluation of the chain performance with focus on the 
techno-economics. The tool was designed as a ose from to 
build the particular chain to be analyzed. The modular structure of the tool makes it possible to add new 
modules easily and allows for evaluation on several levels: chain component, actor/owner or the overall 
chain. The tool calculates time series of CAPEX, OPEX, revenues and discounted cash flows for all chain 
components as functions of global and component specific parameters [3]. 
2.2. Scenario development and implementation 
A scenario is a storyline that describes one possible alternative future in terms of the political situation, 
public opinion, regulatory framework, technology and infrastructure development, and global economical 
situation. Six scenarios were developed in ECCO to set the frames for, and define the future CO2 value 
chain options to be investigated in, the case studies within the project. The scenarios were developed to 
reflect possible variations in the environment for European value chains for CO2 until 2040 [4]. 
 
The ECCO scenarios were defined along a set of 5 main drivers: 
1) The degree of influence of the EU  the level of action set forth by the EU regarding regulations 
for combating climate change. 
2) The degree of globalization  level of coordinated worldwide efforts to combat climate change. 
3) Economic growth  energy intensity, fuel demand, technological advance. 
4) Fuel availability  a combined measure referring to high fuel consumption and low fuel price 
availability means lower fuel consumption and/or high fuel prices). 
5) Degree of environmental changes: level of CO2 emissions, weather changes, pollution, smog etc.  
 
The scenarios thereafter served as input to quantify global parameters such as the oil and gas price, 
CO2 price, electricity price, steel price, interest rate / (opportunity) cost of capital, economic lifetime, 
analysis period, rig rates, labour costs, manpower constraints, currency rates (if relevant) incorporating 
expert opinions and economic forecasting models. The quantified macroeconomic time series were then 
implemented in the ECCO Tool. 
2.3. Case studies formulation and evaluation 
Five cases were defined and implemented in the ECCO Tool (Table 1). The cases were formulated 
based on ECCO partner knowledge in all of the CCS chain components, background analysis work, 
scenarios and a set of selection criteria elaborated within ECCO. 
2.4. Case studies with the ECCO tool 
In the ECCO tool, time series for CAPEX, OPEX, revenues and discounted cash flows were calculated 
for the five implemented value chain cases. All cases were run with the same scenario, and a sensitivity 
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analysis for the discounted cash flows revealed that the chosen scenario is a scenario that gives typical 
results, i.e. the studies conducted in ECCO that form the basis for the conclusions in the following chapter 
should not be extreme in the sense that they indicate costs that are substantially higher or substantially 
lower than what could be expected. 
 
Table 1. CCS value chain cases formulated in ECCO and implemented in the ECCO Tool. 
 
Case Name Source(s) Transport(s) Buffer Sink(s) 
Baltic Basin Mainly PCC around 
Baltic rim 
Shipping 
Pipeline 
Hub in Skagerrak 
&  
Danish Aquifer 
EOR in  
Northern North Sea  
Hungary Refinery, CCGT 
PCC and  
Coal PCC 
Pipelines onshore None Onshore storage & EOR 
Holland Various around 
Rotterdam 
Pipelines None Dutch K/L sector 
& EOR extension 
UK  
East Coast 
Power and Industry 
NE England cluster 
Pipelines North Sea Aquifer Central & Northern 
North Sea EOR 
 
Norway Mongstad CHP & 
Refinery 
Pipeline None Norwegian Sea EOR 
 
3. Strategies for implementation of CCS value chains 
3.1. Regulatory framework and CCS value chain organization 
In the final analysis and conclusions phase of ECCO, the project provided recommendations for the 
necessary improvements to the regulatory framework to facilitate the establishment of CO2 value chains 
in the near term, with particular focus on CCS for CO2-EOGR. The recommendations address financial 
incentives, liability issues, and organization of the value chain. Recommendations were also made for an 
overall organization of the value chain in terms of access rights, trans-boundary transport and storage of 
CO2 and rules for utilization/capacity allocation. The main recommendations are summarized in section 4 
of this paper. A full overview of the recommendations is also accessible in a public ECCO Report [4]. 
3.2. Facilitation, promotion and financing of the infrastructure  
The actors who own the various chain units in the CCS case studies will be looking for a financial return 
on their business. At the same time, the studies conducted with the ECCO Tool revealed that the amount 
of capital needed to invest in European CCS projects to make a realistic contribution to a reduction in 
anthropogenic CO2 emissions is enormous. In the power industry, the capital requirement dwarfs the 
balance sheets of the main players involved. Hence it will be necessary to achieve the minimum 
conditions in these CCS projects that will allow them to attract external commercial finance. Also this 
finance may well need to come from sources which are less familiar with the relevant industrial sectors 
and so may demand quite stringent conditions. In summary the recommendations from the ECCO project 
concerning facilitation, promotion and financing of the infrastructure are that:  
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 those states or institutions considering granting support arrangements to CCS projects should 
recognize the need for contractual agreements around such projects to meet the fairly stringent 
requirements of private finance providers and to provide support in a compatible, and hence 
bankable, form. 
 projects make use of European Investment Bank (EIB) initiatives to lower their weighted 
average cost of capital (WACOC) where possible. 
 ownership issues along the chain should be considered carefully in establishing CCS projects as 
they may have a significant impact on contractual risk and project finance. 
3.3. Development of the infrastructure  
Based on the studies of different types of CCS chains in northern Europe and Hungary (refer to 
Table 1), various alternatives that could provide a CCS chain solution were described and compared with 
the ECCO Tool, and sensitivity analyses were made. The different probable infrastructure development 
routes were described resulting in the following recommendations concerning infrastructure design: 
If the CO2 is to be transported over a considerable distance (greater than 50km, say) then it is worth 
considering collaboration with other sources of CO2 to use a bulk pipeline interconnecting many 
projects for the majority of the distance, rather than parallel separate streams. The initial capital cost can 
be significantly reduced, provided that the sources come online at a similar time. A bulk pipeline requires 
early investment however, while multiple separate source-sink connections allow for postponing part of 
the investment until a later date, if the sources do not come online at the same time. A key issue is the 
question of how it can be economically sensible to build in expansion options into the first set of projects 
given that the prices will almost certainly reduce with time and these projects are the most difficult to 
finance. Furthermore the common bulk pipeline interlinks the risk profiles of the separate projects and 
creates a potential common-mode failure. 
Pipeline over-sizing (in particular of bulk pipelines) may be an interesting option if the basic transport 
route runs from places with other potential sources of CO2 and runs towards areas with other potential 
storage sites for CO2. The level of risk that the pipeline will or may not be filled within a reasonable delay 
(e.g. 10 years) is the critical factor; hence, timing of CO2 sources coming online is crucial. 
However, if the absolute level of capital employed is the most important constraint for a project then 
the most basic transport connection for CO2 where each project builds its own infrastructure (often one 
source-one sink) is the simplest solution. If this kind of infrastructure development will be widely applied, 
it will not encourage swift take-up of CCS nor limit the total cost of CCS infrastructure. 
A one-way buffer storage (from which the stored CO2 cannot be recovered), can be introduced into a 
CO2 infrastructure designed for EOGR at relatively low cost in favourable circumstances to store the 
captured CO2, so that it does not have to be vented in cases where an EOGR site temporarily cannot 
receive it. More expensive platform-based buffers and two-way (partial recovery) stores seem unlikely to 
be economic. Also, extension of infrastructure to distant hydrocarbon fields with large EOGR 
potential can be economically attractive under the right conditions. If the capture activities have 
sufficient scale, the additional transport costs may be much smaller than the additional revenues from 
EOGR activities. This kind of extension will be highly dependent on the forecast oil price.  
Network interconnection can lead to a higher reliability of revenues due to the introduction of 
alternative routes and the provision of spare capacity at lower costs due to the diversity of routes. It can 
also reduce the need for the inclusion of a buffer storage. The downside is interdependence of projects but 
there are plenty of precedents in existing network arrangements to deal with this issue for a more 
substantial network. 
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It must be noted that the economics of a CCS chain rely heavily on the continuity of CO2 flow along 
it, especially during the early years and especially if those early years attract additional subsidy. There 
may be some possibility to mitigate costs in the case of a shipping transport, but this will have a minimal 
overall impact on the overall chain economics. Routing a pipeline onshore is likely to be cheaper but 
potentially liable to more delay or opposition. In EOGR value chains, higher oil prices have a direct linear 
impact on the distance that can be covered for a given level of support per tonne of CO2, but the impact is 
rather limited in small-scale cases. 
3.4. Impact assessment of CO2 value chain deployment on European Policy Goals 
An Impact Assessment is a well-defined procedure in European policy-making, for which clear 
guidelines exist [6]. Five different non-exclusive policy options arose from the ECCO work on impact 
assessment of CO2 value chain deployment on European Policy Goals. The impact of these options was 
assessed against the key objectives of the EU energy policy, which are sustainability, security of supply 
and competitiveness as described in the following.  
Option 1: Business-as-usual: A Roadmap for moving to a 
competitive low carbon economy in 2050 -nothing scenario  which 
does not go beyond current policies  would result in only around 40% greenhouse gas emissions 
reduction by 2050 compared to the EU target of 80% domestic emissions reduction. If the societal choice 
is to mitigate climate change, this option is therefore not viable. In particular, if left to the market, 
investments in CCS technology development may be insufficient 
Option 2: Promotion of EOGR-based versus non-EOGR based value chains: An analysis of the 
impact of CCS value chains on sustainability, security of supply and competitiveness shows that EOGR-
based and non-EOGR based value chains are similar in terms of sustainability, but that EOGR-based 
chains have the capacity to make significant impacts on both security of supply and competitiveness for 
the EU. Since EOGR-
principle adequately addressed by market forces, so there seems to be no economic rationale to 
specifically promote EOGR-based vs. non-EOGR based value chains. However, given the other potential 
advantages, such chains may be encouraged by the EU and MSs and it is encumbant on the EU to ensure 
that the addressing of barriers to entry for EOGR-based projects is prioritised 
Option 3: Investments in CO2 transport infrastructure: The assessment, based on ECCO case 
studies, shows that there may be a rationale for government investment at EU-level in oversized pipelines 
(provided additional flows are foreseen within a reasonable time, e.g. 10 years), although the exact 
economics depend on the specific circumstances of an individual case and would need further 
examination. On the other hand, it seems that investments in aquifer buffers as well as investments in 
bulk infrastructure extension to the Northern North Sea (NNS) for EOGR purposes, could be left to the 
market. 
Option 4: Financial measures: While EIB funds may provide some improvement to the capital cost, 
the bulk of funding will have to come from other EU or Member State funds. Various support instruments 
could accomplish the goal, provided they are sufficiently firm to be bankable. Regarding chain structure, 
regulation will need to strike a balance between allowing vertically integrated CCS chains in the short run 
in order to promote early value chains, and regulating value chain organisation and third party access in 
the long run (potentially involving a neutral system operator) to enable long-term competitive growth of 
CCS. 
Option 5: Improvement of regulatory framework: Various regulatory improvements are the fifth 
policy option. This is already mentioned in section 3.1 above, and summarized in section 4 and in [5]. 
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4. ECCO overall conclusions and recommendations 
4.1 Financial Incentives 
 
ECCO conclusions: The required capital costs for establishing CCS value chains are too high for the 
stakeholders to make investments on balance sheet. Political incentives and external funding bodies are 
required to provide funding for infrastructure investments. Also, the long-term predictability of 
operational income streams for CCS value chains must be improved. 
 
ECCO recommendations:  
 A forward capacity market could be created to stimulate investments and give predictability to 
investors.  
 Long-term predictability for a sufficient price of stored CO2 could be created through bonus-
malus schemes.  
 The states or institutions considering granting support arrangements to CCS projects should 
recognize the need for contractual agreements around such projects to meet the fairly stringent 
requirements of private finance providers and to provide the support in a compatible, and hence 
bankable, form. 
 Projects make use of EIB initiatives to lower their weighted average cost of capital funds where 
possible. 
 Taxation on CO2 emissions will promote CCS. This conclusion is not a specific ECCO 
conclusion. 
4.2 Incentives for CO2-based EOGR 
 
ECCO conclusions: EOGR may be a driver for the realization of early CCS value chains in Europe. 
With a carefully designed CCS value chain, where the captured and transported CO2 is employed for 
EOGR purposes, it is not unlikely that good business cases can be developed. It is however crucial that 
the EU prioritises addressing the barriers to entry for EOGR-based CCS projects. 
 
ECCO recommendations:  
 Specific tax incentives for CO2-based EOGR could be created, such as tax exemption/reduction 
for a kick-off period, shortened period of depreciation for CO2 EOGR-related investments and 
modification of the tax basis. These recommendations on tax incentives are mainly based on 
similar incentive schemes in the US.  
 Conditions could be set, when applicable, that suitable fields should be "CO2 EOGR ready" in 
their plans for development and operation (PDO).  
 A CO2 EOGR facility should be licenced as a storage facility from the beginning of the activity. 
 CO2 EOGR should be promoted as the secondary recovery mechanism (the PDO process may be 
a tool for this) rather than tertiary recovery (i.e. replacing or complementing the water injection 
phase rather than following after end of water injection). 
4.3 CCS Liability issues 
 
ECCO conclusions: The optimum CCS value chains will in most cases not be geographically restricted 
to one country, which means that there may be cross-border pipelines, storage sites and ship transport of 
CO2. Countries should therefore be encouraged to engage in cross-border projects. 
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ECCO recommendations:  
 Guidelines for allocations of risk between countries in cross-border projects should be defined.  
 A trust fund should be established for mutualising the liabilities of storage operators.  
 Ownership issues along the value chain should be carefully considered when establishing CCS 
projects as they may have a significant impact on contractual risk and project finance. 
4.4 Organisation of the value chain 
 
ECCO conclusions: The initial investment cost for pipelines is in itself not a very significant part of 
the investment in CCS value chains, but commercial actors are likely to want to minimize their own 
investment in the establishment of early CCS value chains. Further, oversized pipelines are required in the 
establishment of a large-scale CO2 infrastructure and such investments will require substantial funding 
from other bodies than the industrial stakeholders. 
 
ECCO recommendations: 
 Operation and ownership of a developed CO2 infrastructure should be through the establishment 
of  one or more independent transmission system operators (TSO) in order to manage capacity 
allocation and coordination of CO2 flows. 
 Member States should ensure transparency and non-discrimination in the access to CCS 
infrastructure. 
 Clarification of access regulations to transport and storage networks is required 
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